
Best Practice
EVIDENCE-BASED CASE REVIEW

Severe neutropenia: a diagnostic approach

Normal levels of neutrophils are essential to prevent in-
fections. Neutropenia is a relatively common disorder
most often due to chemotherapy treatments, adverse drug
reactions, or autoimmune disorders. The differential diag-
nosis of neutropenia is broad and encompasses congenital,
infectious, rheumatologic, and iatrogenic causes.1,2 Severe
neutropenia or agranulocytosis, defined as an absolute
neutrophil count of less than 0.5 × 109/L (<500/µL), is
uncommon but can cause morbidity and mortality from
infections. Epidemiologic studies show a wide variation in
the incidence of neutropenia among geographic regions,
with an average annual incidence of 56.4 cases of neutro-
penia and 9.0 cases of agranulocytosis per million people
in the United States.1 Data from the International
Agranulocytosis and Aplastic Anemia Study in Europe
show an annual incidence of 6.2 cases of agranulocytosis
per million people.2 Both studies assessed only hospital-
ized patients with severe neutropenia due primarily to
noncytotoxic drugs, infections, or immune disorders and
excluded those patients who were treated with cytotoxic
drugs. Male and nonwhite patients had an increased

risk, and patients between 50 and 59 years of age had
the highest risk. No epidemiologic studies adequately ad-
dress the relative severity, frequency, and mortality of
the different causes of neutropenia. In this review, we
present the case of a patient with apparently acute severe
neutropenia.

METHODS
Information on the topics discussed in this review was
obtained through a literature search using MEDLINE and
the following keywords: neutropenia, agranulocytosis, sar-
coidosis, and autoimmune. In addition, popular textbooks
of hematology and rheumatology were consulted.

.........................................................................................................

The patient, aged 45, had a five-week history of
chest heaviness, palpitations, and flulike
symptoms that are increasing in severity. In the
past, she has had paroxysmal atrial tachycardia
for which she intermittently takes quinidine
sulfate, but she is not taking any other
medications. On physical examination, she has a
fever (temperature, 38.7°C), axillary
lymphadenopathy, and an enlarged spleen. Her
electrocardiogram shows sinus tachycardia. Her
leukocyte count is 0.77 2 109/L (770/µL) with an
absolute neutrophil count of 0.38 2 109/L
(380/µL), hematocrit of 0.39, and a platelet count
of 106 2 109/L (106 2 103/µL). Her serum lactate
dehydrogenase level is 600 U/L (reference range,
0-250).
.........................................................................................................

Does this patient require hospitalization, and
what studies should be considered on
initial evaluation?
The physician should focus first on the severity of the
neutropenia and on the presence of symptoms suggesting
infection. Any patient with an absolute neutrophil count
of less than 0.5 × 109/L and with fever or signs of infection
and those with evidence of a malignant disease need im-
mediate hospitalization. The cause of the neutropenia
should be rapidly evaluated, relevant tissue and fluid speci-
mens obtained for culture, and a regimen of supportive
antibiotic therapy started.

Objectives

• Learn the common causes of neutropenia

• Recognize the severity of the neutropenia and
indications for hospital admission

• Understand the diagnostic workup in a patient with
neutropenia

• Understand the treatment options that are available
for severe neutropenia

Summary points

• Patients with a neutrophil count of less than
0.5 2 109/L (500 cells/µL) and signs or symptoms of
infection require immediate hospitalization and
prophylactic antibiotic therapy

• Severe neutropenia is most commonly due to cell
destruction that is mediated by the immune system or
hypoplasia, rather than sequestration

• Drugs are the most common cause of neutropenia, and
medicines that can cause neutropenia should be
discontinued whenever possible

• The appropriate use of cytokines is dependent on the
underlying cause of neutropenia
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In the diagnostic evaluation, it is important to ask
about prior infections and to look at previous complete
blood cell counts. Physicians should ask about weight loss,
fever, or night sweats; medications; recent viral infections;
and rheumatologic complaints. During the physical ex-
amination, the physician should look for and record the
presence or absence of fever, mucositis, gingivitis or ab-
scess, adenopathy, and hepatosplenomegaly. The findings
of a microscopic examination of the patient’s peripheral
blood smear may suggest megaloblastosis, myelodysplasia,
or hematologic cancer.

Patients without infectious symptoms and with only
mild neutropenia, which could be due to a medicine or a
recent viral infection, may be monitored with blood cell
counts several times per week for 6 to 8 weeks. The cause
of neutropenia in children is likely to be benign and to
resolve without any intervention. Patients at risk for ac-
quiring human immunodeficiency virus (HIV) infection
should undergo testing for HIV, and patients with symp-
toms and findings suggestive of collagen vascular disease
should have the appropriate serologic tests carried out. A
bone marrow evaluation is considered mandatory in pa-
tients whose neutropenia does not resolve after discontinu-
ation of medications and in any patient with multiple
cytopenias. The bone marrow aspirate may be sent for
cytogenetic analysis and flow cytometry to rule out a ma-
lignant disorder or myelodysplasia. The biopsy specimen
may also be assessed for infectious causes, such as myco-
bacteria and fungi, that could explain the neutropenia.
Hematologic consultation should be considered for all pa-
tients except those with mild neutropenia or with an ob-
vious drug-related cause.

.........................................................................................................

The patient is afebrile and does not appear
acutely ill. She has no history of weight loss or
night sweats. Mild anemia was noted one year
ago, but her other blood cell counts have been
normal. Blood and urine specimens are sent to
the laboratory for culture. A radiograph of her
chest shows bilateral hilar adenopathy and upper
zone interstitial markings, which have progressed
since a previous chest radiograph in January
1997, 13 months prior to admission. The results of
her liver function tests, serum vitamin B12, and
folate concentrations are normal. Computed
tomographic scans show hilar, retroperitoneal,
axillary, and inguinal adenopathy and confirm
mild splenomegaly. A bone marrow aspirate
shows a mildly left-shifted myeloid lineage but
there is no evidence of a clonal proliferation by
flow cytometry, ruling out a hematopoietic
malignancy. Examination of a bone marrow
biopsy specimen shows that the marrow has been

replaced with noncaseating granulomas (figure
1). Mycobacterial and fungal staining do not show
any organisms.
.........................................................................................................

What is the most likely underlying cause of the
patient’s neutropenia, and what other testing
might be considered?
The mechanisms underlying the development of neutro-
penia mirror those for all of the formed blood elements—
namely, defective production, accelerated destruction, or
sequestration outside the circulating blood pool (table). A
useful initial distinction can be made between congenital
or hereditary and acquired causes of neutropenia. The
congenital syndromes are rare, present in childhood, and
associated with a history of recurrent infections and
anomalous neutrophil structure.

Neutropenia is more likely to be acquired than con-
genital. The most common cause of acutely acquired neu-
tropenia is cytotoxic chemotherapy or radiation therapy
for malignant diseases; it affects up to 40% of patients
given treatment. Drug reactions are the most common
cause of isolated neutropenia, although the precise inci-
dence is not known because reliable information on the
use of drugs is not readily available. The neutropenia may
be mediated either by direct marrow suppression, as seen

Figure 1. (Top) Low- and (bottom) high-power fields of a bone
marrow biopsy specimen showing noncaseating granulomas.

..................................
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with the use of chloramphenicol and phenothiazines, or
by immune destruction of the neutrophil or myeloid pre-
cursors, as seen with the use of penicillins, cephalosporins,
and quinidine.3 Neutropenia that is drug induced and
immunologically mediated is likely to be underdiagnosed,
because testing for the antineutrophil antibodies is not
widely available, and the detection of drug-dependent an-
tibodies is seldom attempted.4,5 Because immune agranu-
locytosis has a 20% mortality, it must be considered an
extremely serious condition.6-8 There is an inverse corre-
lation between the level of marrow hypoplasia and the
time it takes for marrow to recover. Patients who have
renal insufficiency or bacteremia at the time of presenta-
tion have a significantly higher mortality.8,9

Viral infections are a common cause of neutropenia,
due either to bone marrow suppression or to peripheral
destruction. The agents commonly implicated include Ep-
stein-Barr virus, cytomegalovirus, hepatitis A and B vi-
ruses, parvovirus, Influenzavirus species, and measles.10,11

Infection with HIV is also associated with neutropenia
and approximately 70% of patients infected with HIV are
neutropenic during their illness.12 The HIV virus not only
may suppress hematopoiesis but also increases the risk of
acquiring other infections. Furthermore, therapy with an-
tiretroviral agents may dramatically decrease neutrophil
counts.

Any bacterial infection can cause neutropenia, but it is
most commonly seen in salmonellosis, brucellosis, pertus-
sis, and rickettsial infections.12 Disseminated tuberculosis
is also known to cause neutropenia. It is, however, unusual
in fungal infections unless the bone marrow is extensively

involved, as occasionally seen with disseminated histoplas-
mosis.13

Neutropenia may be a prominent feature of collagen
vascular diseases. About 50% of patients with systemic
lupus erythematosus have white blood cell counts of less
than 4.5 × 109/L (<4,500/µL), but severe neutropenia is
unusual and should prompt a search for other causes.14,15

Splenomegaly and neutropenia (Felty’s syndrome) may
develop in patients with rheumatoid arthritis.16,17 These
patients may have an absolute neutrophil count of less
than 0.1 × 109/L and recurrent major and minor infec-
tions. Other collagen vascular diseases such as Sjögren’s
syndrome, polymyalgia rheumatica, and mixed connective
tissue disease have been known to cause autoimmune neu-
tropenia.18,19 The specific mechanism of the neutropenia
associated with collagen vascular diseases is not known;
however, circulating immune complexes and antineutro-
phil antibodies directed against specific neutrophil anti-
gens have been identified in these patients.20

Both benign and malignant hematopoietic diseases
may cause neutropenia. For example, vitamin B12 and
folate deficiencies cause not only neutropenia but also ane-
mia and thrombocytopenia.21,22 Megaloblastic features
are essentially always present in the circulating cells and in
the marrow precursors. Leukemia, multiple myeloma, and
myelodysplasia may all cause neutropenia by suppressing
normal myelopoiesis.23,24 Because the patient had com-
bined cytopenias, a marrow aspiration was carried out to
rule out malignancy and to evaluate the likelihood of an
infectious cause. The finding of hilar adenopathy, hepa-
tosplenomegaly, and a pattern of apical pulmonary infil-
trates suggested the diagnosis of sarcoid. These findings are
not specific, however, and may be associated with fungal
and mycobacterial infections, toxoplasmosis, viral disease,
systemic lupus erythematosus, and Wegener’s granuloma-
tosis. The diagnosis of sarcoidosis is one of exclusion—
ruling out infectious and immune causes for the clinical
findings and for the tissue granulomas.25 In this patient,
the severity of the neutropenia was unusual for sequestra-
tion, and it was necessary to look for other causes.

.........................................................................................................

The patient is afebrile during her admission, and
her initial cultures are negative for pathogens.
Her neutropenia resolves two days after the
quinidine is discontinued, and she is discharged
to home. Her bone marrow cultures subsequently
show no growth of organisms. Brucellosis, Q
fever, and other rickettsial diseases are ruled out
with acute and convalescent titers. Tests are
negative for HIV, cytomegalovirus, and hepatitis
A, B, and C. Results of an Epstein-Barr virus
serologic test are consistent with previous
exposure. Serologic tests are negative for

Table 1. Classification of neutropenias

Neutropenia type Example

Acquired
Production Cytotoxic chemotherapy, irradiation

Drugs—chloramphenicol, phenothiazines
Metabolic disease
Nutritional deficiency—vitamin B12, folate
Infectious

Viral—EBV, CMV, hepatitis, HIV, influenza
Bacterial—salmonella, brucella, pertussis, rickettsia
Mycobacteria
Fungal

Malignant—leukemia, lymphoma myelodysplasia
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Destruction Collagen vascular disease—systemic lupus
erythematosus, rheumatoid arthritis, Sjögren’s syndrome

Drugs—penicillins, cephalosporins, quinidine sulfate
Infections
Malignant diseases—large granular lymphocyte leukemia

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sequestration Hypersplenism
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Congenital
Kostmann syndrome
Cyclic neutropenia

EBV = Epstein-Barr virus, CMV = cytomegalovirus, HIV = human immunodeficiency virus
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antinuclear and antineutrophil cytoplasmic
antibodies. Of note, her rheumatoid factor is 47
IU/mL (reference range, 0-11) and an
angiotensin-converting enzyme level is 99 U/L
(reference range, 8-52). Antibody test results
suggest that the patient has antineutrophil
antibodies that are dependent on quinidine
(figure 2).
.........................................................................................................

What other interventions might be considered as
treatment of neutropenia?
Neutropenia that is drug-induced often resolves within
days to weeks after the medicine is discontinued. Watchful
waiting is the first option for patients whose neutropenia
is thought to be due to a viral infection or medication.
Neutropenia resulting from chemotherapy or radiation
may, in specific instances, be treated with cytokines such
as granulocyte colony–stimulating factor or granulocyte-
macrophage colony–stimulating factor. The use of cyto-
kines after patients have already become neutropenic from

treatment has not been shown to substantially decrease the
mortality from infections, the duration of fever, or the
duration of antibiotic therapy. The American Society of
Clinical Oncology recommends the prophylactic use of
cytokines for patients at high risk for neutropenia devel-
oping from cytotoxic drugs in intensive doses.26,27 Once
neutropenia is established as a result of chemotherapy,
current recommendations are to consider cytokine therapy
if there is evidence of fungal infection, pneumonia, hypo-
tension, or sepsis syndrome. Granulocyte-macrophage
colony–stimulating factor ameliorates the neutropenia in
severe infantile agranulocytosis (Kostmann syndrome), cy-
clic neutropenia, and idiopathic neutropenias.28-30 The
decision to initiate therapy should be made only in con-
sultation and principally in patients who are at an in-
creased risk for infections. Other more aggressive interven-
tions such as allogeneic marrow transplantation have been
effective in patients with diseases of the bone marrow such
as Kostmann syndrome, aplastic anemia, and myelodys-
plastic syndromes and in several malignant hematopoietic
diseases.31

.........................................................................................................

At follow-up two months later, the patient is
found to have a normal white blood cell count
with persistent mild anemia and
thrombocytopenia. She is asymptomatic except
for painful pretibial erythema nodosum. In the
absence of serious pulmonary problems, she is
not being treated for sarcoidosis.
.........................................................................................................

This patient had signs and symptoms of multiple disease
processes. The extremely low neutrophil count is not typi-
cal of sequestration from splenomegaly, which in this case
was related to sarcoidosis. The presence of antineutrophil
antibodies that were dependent on quinidine suggests that
the neutropenia was most likely due to the destruction of
white blood cells by the immune system. However, auto-
immune disorders related to quinidine are not known to
cause splenomegaly or bone marrow granulomas.32 Sar-
coidosis, which was considered only after excluding infec-
tious and rheumatologic causes, would explain these find-
ings in this patient. Leukopenia is also seen with sarcoid-
osis, especially in those who have splenomegaly, but is
usually due to decreased lymphocyte counts and not to
neutropenia.33 Thus, our patient had both sarcoidosis and
neutropenia induced by quinidine. Patients with sarcoid-
osis have a humoral immune system that is dysregulated
and also have circulating autoantibodies, suggesting that
they may be at increased risk for neutropenia that is drug-
dependent34

We thank Barbara Roberts for performing the antineutrophil antibody
assays.

Figure 2 The patient’s serum was incubated with NA1/NA1– (top) or
NA2/NA2 (bottom)–typed donor cells in buffer or quinidine
solutions. NA1 and NA2 are granulocyte-specific antigens that differ
in their amino acid sequence. Antibodies may be specific to one or the
other antigen. Leukocyte-bound antibodies were detected with
antihuman antibody labeled with fluoresceine. The ratios of the mean
peak channel of the patient’s serum are shown compared with that of
the control serum for lymphocytes, monocytes, and granulocytes.
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100 years ago

“As the nineteenth century draws to a close surgery spreads its domain over all viscera. Organs such as the liver, the lungs, the brain, whose
affections were before amenable only to the resources of medical therapeutics, have received in the last few years the benefit of surgical
intervention.”

L Bazet, San Francisco

“The microscope is a jealous mistress. In order that one may do original work, she requires his undivided attention. I have not been able
to give her that consideration.”

CW Murphy, Los Angeles

Transactions of the Medical Society of the State of California
Twenty-Eighth Annual Session, 1898
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